4
immersed system is estimated from the difference in total interfacial energy when adhering species 1 88 wets a substrate 2 in medium 3. As outlined by Clint and Wicks (2001) , for an oil (1) to adhere to a 89 solid substrate (2) when immersed in water (3), the work of adhesion, W123 is given by 90 12 13 23 123
91
where γ23, γ13 and γ12 are the interfacial tensions between substrate/water, oil/sorrounding medium and 92 oil/substrate, respectively. By combining Equations (1) and (2) it can be shown that
97
The oil will exhibit a contact angle, β, which is related to the interfacial energies by the Young-Laplace 
100
The above relationships can be applied readily when the surface is uniform and there is one adhering the micromanipulation technique originally developed to study deformation of cells (Zhang et al., 1991) 131 to investigate the adhesive and cohesive behaviour of fouling layers. In micromanipulation a stainless 132 steel probe is dragged through the deposit at a set height relative to the substrate at a defined speed.
133
This allows the forces to be measured and their variation with height to be quantified. Ali et al. (2015) 134 developed a variant of this method which they called 'millimanipulation' to study viscoplastic layers at Cake is an aerated food product and is likewise generated by baking a three-phase material, the batter.
161
The heat fluxes in baking are generally smaller and more uniform than in frying. 
246
The millimanipulation tool shown in Figure 11.00 ±0.05 g of cake batter was filled into the chamber thus formed using a 20 ml BD TM syringe. Care 274 was taken to fill the gaps between the rods so that the cake batter covered the coated plate completely.
275
The 'mini-cakes' were baked in a pre-heated Carbolite ® oven at 180°C for 8 minutes, then left to cool 
298
Figure 5 (b) shows the force profile obtained by a second mode of testing, labelled relaxation testing.
299
The probe was moved 1 mm and then held in place for 20 s, labelled interval I, before being moved a 300 further 1 mm, followed by 20 s delay (interval II), and then a further 1 mm (and interval III). The force 301 decays with a quasi-exponential trend in interval I, indicating a visco-elastic response of the material.
302
The peak force after interval I is similar to the initial value, but the decay response is very different: this 303 feature, and the small force peak after interval II, indicates that rupture at the shear plane is complete.
304
Further 
369
The work of adhesion is low, estimated as 5.2 mJ/m 2 for an ideal system of rapeseed oil on borosilicate 12 glass when immersed in water. The contact angle calculated from Equation (5) was 154.2° (see Table   371 2 for calculated oil-surface-water contact angles), which is comparable with the observed value. The 372 difference is attributed to surface active components and the batter's resistance to deformation.
374
In contrast, the work of adhesion of the oil on PVCA in water was calculated to be 91.5 mJ/m 2 . The 
477
The removal tests were conducted in the dry state. There was little influence of scraping speed and 478 surface roughness, but a strong sensitivity to cake oil content. This result, alongside the observation of 479 residual material on all surfaces, confirmed that the cake was a sticky material wherein adhesion to the 480 surface was stronger that cohesive interactions within the cake matrix. The removal forces were mostly 15 sensitive only to oil content, whereas the amount of residue was found to be directly related to the oil's 482 work of adhesion to the surfaces assuming the cake matrix to resemble an aqueous environment.
484
The ability of oil to replace water from a surface seems to be a key mechanism for a 'non-stick' surface 485 in baking applications involving water and oil containing doughs or oil pre-wetted moulds. In frying,
486
where the foodstuff is placed on a hot surface, the situation is different. 
665
and egg powder amounting to 6.11 wt% lipids. W123 was calculated using Equation (3) with 666 solid surface energy components from 
